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Since the recent interest  in the iron-binding  globulin of the plasma,  the in- 
troduction  of methods for its measurement  (2,  13,  15,  16), and  studies of its 
variation  in health and disease (2,  15), the suggestion has been made  (13,  16) 
that  the level of this  globulin  and  its  relative  saturation  may be one of the 
factors  regulating  iron  absorption  from  the  gastrointestinal  tract.  The  dem- 
onstration  that the iron-binding  capacity of the serum or plasma is increased 
in iron deficiency even though the plasma iron is low (13, 15) has been one of 
the  more  solid bases for this  suggestion.  It has  been repeatedly  shown  that 
iron absorption  is controlled  to a  considerable extent by the body's need for 
iron  (1, 3, 4,  9), and the suggestion has been made  that  this is controlled by 
some mechanism  in  the  gastrointestinal  mucosa  (10)  perhaps  involving  the 
protein ferritin  (7). The  "mucosal block" theory has been  accepted  by most 
workers  in  the  field,  even  though  it has  been demonstrated  that  the  block 
can be overcome by certain dietary deficiencies notably of phosphorus (11, 12), 
and that iron absorption may be increased in some anemias in which iron de- 
ficiency is not prominent  (4,  19). It is difficult, if not impossible, however,  to 
increase the iron stores of normal human beings by feeding large quantities  of 
iron  (6).  Moore  and  his  coworkers  (4)  were  unable  to  influence profoundly 
the  absorption  of iron  in anemic  dogs and human  subjects  by a  single large 
intravenous injection of iron prior to the oral administration of a labeled amoun t 
of iron. Recently, however, analyses of human sweat and body washings which 
were found  to contain  large quantities  of iron  (14)  have resulted  in  the  sug- 
gestion  that  the  body excretes  excess iron  through  the  skin,  thus  rendering 
unnecessary any control of absorption. That  iron excretion by the skin is not 
important  in the dog has recently been demonstrated  (17), so for the dog, at 
* We are indebted to Eli Lilly and Company for aid in conducting this work. 
These studies were supported, in part, jointly by the Office  of Naval Research and the 
Atomic Energy Commission under contracts with The University of Rochester, N6 ori-126, 
Task VIII and W-7401-eng-49. 
567 368  PLASMA IRON RELATED TO  IRON ABSORPTION 
least, we must still regard some limitation of absorption to be the mechanism 
controlling the body's content of iron. 
The experiments reported here are concerned with  the artificial saturation 
of  the  iron-binding protein of dog plasma by means  of  the  intravenous  ad- 
ministration of iron at frequent intervals before and during the absorption of 
a  known amount  of radioactive iron,  in iron-deficient and normal dogs. The 
results indicate that while saturation of the iron-binding protein of the plasma 
may in some instances modify iron absorption, it cannot  totally impede the 
high absorption found in iron-deficient dogs nor does it influence the amount 
of iron absorbed by normal dogs. 
Methods 
The dogs were all mongrels selected from the animal house population after several months 
or more of residence. All were vaccinated against distemper and dewormed.  Dog 43-13 had 
been a member of the anemia colony for years. The others had been used  for no other ex- 
periments. The non-anemic  dogs received a diet of hospital table scraps.  They were made 
anemic by systematic bleeding and a diet of salmon bread. The  care of these animals and 
dietary details have been published elsewhere (18). 
Methods for determining blood hemoglobin,  plasma iron concentrations, and blood vol- 
ume, as also the radioiron procedures have been described previously (20). It was possible 
to convert counts per minute for any sample to gamma of labeled iron by comparison with 
the counts per minute at the same time of a known amount of the radioactive iron used for 
feeding. Calculations of plasma radioiron concentration were readily made from such meas- 
urements. Absorption of the labeled iron was determined by calculating the amount incor- 
porated into the circulating red blood cells in 2 or 3 weeks. This procedure is justified in 
anemic, iron-deficient animals as has been repeatedly shown (5, 10), and in non-anemic  ani- 
mals all but a small variable fraction which enters the tissue storage depots appears in the 
red cells. 
Each animal served as its own control, its ability to absorb iron being tested without in- 
travenous iron injections either before or after the experimental procedure.  Between  deter- 
minations the anemic dogs were depleted of their iron reserves by repeated bleeding. 
The radioiron, a mixture of Fe  ~ and Fe'*, obtained from the Atomic Energy Commig~ion, 
was fed by stomach tube. The plasma iron-binding protein was saturated by the intravenous 
injection of iron in gelatin (8). 3 rag., initially, was followed by 2 rag. at ~ hour, at 1 hour, 
and hourly thereafter. Saturation was almost uniformly complete 1 hour after the start of 
injections.  Samples were drawn for plasma iron, iron-bindlng capacity, and plasma radioiron 
determinations just prior to each injection of inert iron. Radioiron was fed 1 or 2 hours after 
the beginning of the intravenous injections,  except in one experiment.  In this instance the 
plasma iron level, after being held at capacity for several hours, was allowed to fall to nearly 
the base line level before radioiron feeding. 
Plasma iron-binding capacity was determined by a slight modification of the method de- 
scribed by Rath and Finch (15). 
EXPERIMENTAL  OBSERVATIONS 
Table A  outlines the changes in plasma iron concentration both in control 
experiments involving only a  dose of oral radioiron and in those experiments 
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the plasma had been saturated by intravenous injection of inert iron prior to 
the radioiron feeding and maintained at saturation levels for some hours after- 
wards. 
TABLE A 
Plasma Iron and Plasma Radioiron 
Dog  Procedure 
Plasma iron  Plasma radioiron 
Time after feeding 
0  ~}  1 hr  2 hrs.  3  4  5  6  Other 
hr.  hr. I  "  ~  hrs.[ hrs.'l hrs.  hrs.  hrs. 
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*  Plasma  was  saturated.. 
Time radioiron was fed, 
In the non-anemic  group little alteration in plasma iron concentration was 
noted after simple radioiron feeding'and much of the change could be accounted 
for by the plasma level of the isotopically labeled iron. The oral dose of radio- 
iron given in conjunction with saturation of the iron-binding  protein, however, 
resulted in plasma radioiron levels somewhat lower than those of the controls 
at similar time intervals. 370  PLAS~A IRON RELATED TO IRON ABSORPTION 
Determinations of the total  plasma iron and plasma radioiron were omitted 
during the saturation period in dog 47-163 in order to eliminate a possible 
stimulus to red cell  utilization  of labeled iron which had been administered 
TABLE B 
Appearance of Radioiron in Red Cells 
Dog  Procedure  Hemato- I  Herno- I  Radioiron 
per c~  [gm.  per c~t{  rag. 
Utilization  of dose time  after feeding 
1 wk_.__~._  2  wks--  3  wks__  More 
per cent  [ $er cent  [ pe, cent I per c,,a 
Normal dogs 
47-149 
47-149 
45-36 
45-36 
47-163 
47-163 
Control 
To saturation 
Control 
To saturation 
Control 
To saturation 
57.7 
52.5 
47.3 
48.8 
49.2 
44.4 
18.5 
15.4 
15.5 
14.6 
15.3 
15.3 
5.5 
5.5 
11.2 
10.7 
13.7 
12.9 
6.1  6.8 
6.4  6.0 
3.1  3.2 
3.4  6.8 
1.8  1.8 
1.9  2.8 
6.4 
3.7 
6.7 
2.1 
3.9 
w 
3.6 
5.6 
Anemic dogs 
47-155 
47-155 
43-380 
43-380 
44-13 
44-13 
47-163 
47.163 
47-155 
47-155 
47-155 
47-155 
Control 
To saturation 
Control 
To saturation 
Control 
To saturation 
Control 
To saturation 
Control 
To normal level 
Control 
Delayed feeding 
31.6 
32.7 
31.2 
25.2 
24.4 
33.3 
27.0 
26.4 
22.0 
28.0 
31.6 
32.4 
7.1 
6.75 
6.76 
5.3 
6.0 
8.1 
6.1 
7.2 
4.6 
6.9 
7.1 
9.1 
4.1 
5.5 
10.8 
11.0 
11.0 
10.4 
10.4 
12.0 
10.4 
10.2 
4.1 
4.5 
66 
33- 
8.7 
32 
22 
34 
26 
19 
19 
66 
45 
66 
26 
34 
13 
33 
28 
38 
34 
21 
25 
66 
50 
29 
32 
14 
33 
33 
43 
36 
23 
24 
64 
19 
m 
during the  control experiment and which might have been withdrawn from 
storage. 
All the anemic animals showed a  substantial rise in plasma radioiron con- 
centration following control feedings and no consistent alteration in the post- 
absorptive plasma radioiron curves was  observed during the saturation pro- 
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Absorption  of Radioiron  after Saturation  of the Iron-Binding Protein.--Tbe 
normal dogs (Table B)  showed no detectable difference in the utilization of 
the orally administered radioiron except that the figures were slightly higher 
in  two animals  (dog 45-36 and 47-163) under the experimental conditions. 
While the increase was possibly derived from previously stored radioiron,  the 
bleeding  associated  with frequent sampling  seems not to have been a  factor 
because dog 47-163 showed a similar effect though no blood samples had been 
taken during the course of the injections and radioiron administration. 
The anemic dogs showed inconstant results.  Two of the dogs  (47-155 and 
43-380) exhibited a clear-cut depression of iron absorption,  apparently caused 
by the procedure  of saturation. These two animals were subjected to rigorous 
bleeding following the last absorption measurements and all radioiron removed 
was measured in order to determine if any had been stored and not utilized 
for hemoglobin synthesis. Dog 47-155 had stored no radioiron, while dog 43-380 
had stored about 5 per cent of the administered iron. It should be noted that 
while the absorption was depressed  in these two animals they still absorbed 
considerably more than would a dog with normal iron reserves. 
Dogs 44-13 and 47-163 absorbed  essentially the same amount of radioiron 
when subjected to the intravenous iron treatment as they did during control 
experiments. 
Raising the plasma iron to nearly normal levels in dog 47-155, which had 
shown depression of absorption previously with the iron-binding  protein sat- 
urated, was ineffective in influencing the absorption of a test amount of radio- 
iron. The same animal showed no effect from a delayed experiment in which 
the plasma iron was allowed to fall back to nearly normal levels after having 
been artificially raised to nearly capacity levels for about 5 hours. 
Relation between Plasma Iron Levels and Absorption of Radioiron.--It should 
be pointed out that there was no correlation between the shape or the height 
of the postabsorptive radioiron curve and the subsequent utilization or ~/b- 
sorption of radioiron in any of these experiments. 
DISCUSSION 
The suggestion made by LaureU (13), that the increase in the iron-binding 
globulin of the plasma together with its relative unsaturation was the stimulus 
for the increased absorption of iron by iron-deficient subjects does not appear 
to be fully borne out by the data just presented.  It is clear that in the non- 
iron-deficient dog the complete  saturation of the iron-binding  protein of the 
plasma does not alter the amount of iron ordinarily absorbed.  In two of the 
anemic dogs there was a depression of absorption; in the other two no effect 
was noted. Bringing the plasma iron level to nearly normal levels in one ane- 
mic dog which had previously shown a suppression  of absorption when com- 
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occur in this same dog when radioiron was fed after the plasma iron had fanen 
nearly to the base line after 5 hours of artificial  saturation. 
It seems reasonable to conclude that the saturation of the plasma iron-bind- 
ing protein per se is not the controlling  factor in absorption of iron from the 
gastrointestinal tract, despite the two instances in which absorption of radio- 
iron was decreased in anemic dogs by saturation of this protein. The suppres- 
sion,  to a degree,  of absorption still in excess of normal, would appear rather 
to have resulted from the effect of intravenous iron injection upon some other 
mechanism or mechanisms concerned with iron metabolism which  cannot be 
determined from these experiments. 
SUkC~ARY 
The absorption of a test amount of radioactive iron during artificial  satura- 
tion of the plasma iron-binding protein, by the repeated intravenous injection 
of small amounts of iron, was measured in three normal and four anemic dogs. 
The procedure had  no detectable influence  on the  iron absorption of the 
normal dogs nor on that of two of the anemic dogs.  Two other anemic dogs 
showed some suppression of iron absorption, though the amount absorbed was 
still in excess of that absorbed by a normal dog. The reasons for this suppres- 
sion are not clear from these experiments. 
Artificially  raising  the plasma iron to normal levels in one anemic dog did 
not influence  the absorption of iron from the gastrointestinal tract nor was a 
delayed effect noted after the plasma iron had fallen to base line levels after 
5 hours of artificial  saturation. 
It appears that the plasma iron-binding protein and its relative saturation 
play little role per se in the control of iron absorption in dogs. 
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